Objectives: We sought to determine sex-specific associations between experiences of physical pain, pain management, and frequency of nonmedical prescription opioid (NMPO) use among young adults. Methods: Among participants enrolled in the Rhode Island Young Adult Prescription Drug Study, we identified associations between physical pain in the past 6 months, pain history, pain management, polysubstance use, and weekly NMPO use. In sex-specific models, independent correlates of weekly NMPO use were identified via modified stepwise Poisson regression. Results: Of 199 participants, the mean age was 24.6, and 65.3% were male. The racial composition was 16.6% black, 60.8% white, and 22.1% mixed or other race. A total of 119 (59.8%) participants reported weekly or greater NMPO use. The majority of male (86.2%) and female (84.1%) participants reported ever experiencing severe pain. A majority of males (72.3%) and females (81.2%) reported that they engaged in NMPO use to treat their physical pain, and onequarter (26.9%) of males and one-third (36.2%) of females had been denied a prescription from a doctor to treat severe pain. Among males, frequent NMPO use was independently associated with white race (P < 0.001) and reporting greater physical pain (P ¼ 0.002). Among females, older age (P ¼ 0.002) and monthly or greater nonmedical benzodiazepine use (P ¼ 0.001) were independently associated with weekly NMPO use. Conclusions: Among young men in Rhode Island, physical pain may be related to frequent NMPO use. More research is needed to identify sex-specific, pain-related factors that are linked with NMPO use to improve harm reduction and pain management interventions.
T he United States is currently in the midst of an illicit and prescription opioid epidemic (Centers for Disease and Prevention, 2012) . In 2015 alone, it is estimated that over 20,000 American overdose deaths were related to prescription opioid use, whereas approximately 13,000 were related to heroin use (Rudd et al., 2016) . As a result, the use of opioid medications for the treatment of chronic non-cancer pain management is increasingly controversial (Rosenblum et al., 2008; Barry et al., 2010; Tobin et al., 2016) . Various professional organizations, including the American Pain Society and the American Academy of Pain Medicine, cite concerns that some patients on chronic opioid therapy are at high risk for the development of an opioid use disorder (OUD), and/or misuse or diversion (either intentionally or unintentionally) of their opioid medications (Savage et al., 2008; Chou et al., 2009; Butler et al., 2010) .
Although alternative pain management therapies (such as nonsteroidal drugs, physiotherapy, and surgery) may be offered to patients for whom opioids are contraindicated, patients who display risk factors for OUD and suffer from chronic pain are frequently ineffectively treated (Rupp and Delaney, 2004; Alford et al., 2006; Ti et al., 2015; Voon et al., 2015a) . Several recent reports suggest that misidentification of risk factors for and symptoms of OUD, and also complexities associated with managing patients who are concurrently experiencing physical pain and receiving treatment for opioid addiction could increase some clinicians' reticence to prescribe opioid medications (Rupp and Delaney, 2004; Fibbi et al., 2012; Dowden, 2014; King, 2014; Rutkow et al., 2015; Voon et al., 2015a) . The high prevalence of untreated physical pain among patients who display symptoms of OUD, which has been shown to range in samples of individuals seeking methadone treatment from 37% to 61%, may also be related to frequent co-occurrence of other substance use disorders and mental health disorders (Jamison et al., 2000; Rosenblum et al., 2003; Savage et al., 2008; Pettes et al., 2015; Voon et al., 2015b) .
In this clinical context, young adults with severe pain may engage in nonmedical prescription opioid (NMPO) use, which is defined as using an opioid without a prescription, or in a manner inconsistent with one's own prescription, in attempts to self-medicate and manage symptoms (Lessenger and Feinberg, 2008; Voon and Kerr, 2013) . Whereas all patterns of opioid use (eg, prescribed, experimental, or attempts to self-medicate) can result in overdose and other harmful consequences, young adults who engage in frequent (ie, weekly or greater) NMPO use are at especially high risk for overdose (Silva et al., 2013) . Unmonitored frequent NMPO use could result also in professionally unmanaged opioid tolerance, recurrence of physical pain, and (subsequently) NMPO dose escalation and/or heroin initiation. One study of 150 young adult NMPO users in New York City and Los Angeles found that over half had self-medicated with an opioid to manage severe pain, and one-quarter had been denied prescription opioids for the treatment of pain (Fibbi et al., 2012; Voon et al., 2015a) . Furthermore, self-medication frequently coincided with an escalation of more intensive drug use and new risk behavior (eg, initiation of heroin use and sniffing, snorting, or injecting drugs). Additional research is needed to inform clinical practice and other interventions to prevent self-medication with prescription opioids, escalating NMPO use among youth denied prescription opioids and other harms (eg, injection drug use initiation) among young adults with severe physical pain.
It is also necessary to examine the influence of sex on the relationship between factors related to physical pain and pain management, and the frequency of NMPO use among young adults (Green et al., 2013) . This is especially true given the dynamic and complex nature of adolescence (both psychologically and physically), sex-specific differences in biological and perceptual pain-processing mechanisms (Bartley and Fillingim, 2013) , and documented gender-specific pain management experiences relevant to opioid use (Green et al., 2009) . Whereas recent studies have explored the potential relationship between undertreatment of physical pain among individuals who use prescription opioids nonmedically or inject drugs (Fibbi et al., 2012; Voon et al., 2015a) , there is a need for more sex-and gender-specific analyses of the relationship between physical pain and NMPO use. Identification of sex-specific variables associated with selfmedication and frequent nonmedical use of prescription opioids could help improve screening tools used in clinical pain management practices, thereby decreasing unmitigated physical pain and escalating NMPO use (Green et al., 2009 ). The primary objective of this analysis was to determine sex-specific associations between variables related to pain and pain management, with frequent (ie, weekly or greater) NMPO use among 18-to 29-year-olds who engage in NMPO use in Rhode Island.
METHODS
Data for this analysis were derived from the Rhode Island Young Adult Prescription Drug Study (RAPiDS). Individuals were eligible to participate if they were between 18 and 29 years of age, lived in Rhode Island, and had engaged in NMPO use in the past 30 days. Specifically, we defined NMPO use as using an opioid without a prescription, or in a manner inconsistent with one's own prescription (eg, higher dose than prescribed, nonoral route of consumption). In all, 200 persons were recruited between January 2015 and February 2016 via online classifieds (eg, Craigslist), bus advertisements, flyers, and word of mouth referrals. Participants were paid $25 to complete the confidential survey. With the exception of questions concerning injection drug use, which were administered via computer-assisted personal interviewing (CAPI), surveys were administered in person with a study interviewer. Participants provided informed consent, and study protocols were approved by the Brown University Human Research Subject Protections Office Institutional Review Board.
The primary outcome of this analysis was frequent NMPO use (defined as weekly or greater NMPO use in the past 6 months). Pearson chi-square tests and Fisher exact tests (for cell counts <5) were used to determine bivariate associations between factors listed in Table 1 , which are related to physical pain and pain management, and/or are established risk factors for frequent NMPO use (Butler et al., 2004; Chou et al., 2009; Butler et al., 2010; Jones and Moore, 2013) .
We assessed recent experiences with physical pain by asking participants to indicate the highest level of pain they had experienced in the past 6 months on a 10-point numeric scale (with 10 corresponding to the maximum level of severe pain). Welch t tests were used to assess the significance of differences in mean ages and average levels of pain reported on the numeric pain scale. We also assessed historical experiences with physical pain by asking participants (yes/no) whether they had ''Ever experienced an injury or health condition that put them in severe pain?'' Of participants who reported that they had experienced an injury or health condition, we asked, ''Did you try to get medication from a doctor or health professional to treat this pain?'' (yes/no) and ''What kind of injury or health condition was it?'' Participants could provide any text response. To assess young adult NMPO users' experiences accessing treatment for physical pain through both licensed medical providers and alternative illicit sources, we asked participants (all yes/no): ''Do you engage in NMPO use to treat physical pain?''; ''Of the two NMPOs you currently reported using most regularly, were you prescribed either opioid prior to using either opioid without a prescription or not as a doctor directed?''; ''Have you ever been denied medication by a doctor or health professional to treat severe pain?; and ''The last time you used a prescription opioid nonmedically, where did you obtain it?' ' We also assessed other risk factors for potential OUD, including history of childhood sexual abuse, history of common mental health diagnoses (eg, attention deficit hyperactivity disorder, obsessive-compulsive disorder, bipolar, schizophrenia, depression, anxiety, or an eating disorder), and other substance use, including lifetime heroin use, weekly or greater drug use (ie, marijuana, ketamine, ecstasy, mushrooms, gamma hydroxybutyrate [GHB], methamphetamine, lysergic acid diethylamide [LSD] , and heroin use), and at least monthly nonmedical prescription stimulant or benzodiazepine use. Finally, we examined responses to the Alcohol Use Disorders Identification Test-Consumption (AUDIT-C) (Bush et al., 1998) . Scores ranged between 0 and 12; values !4 and !3 were considered a positive screen for hazardous alcohol use in men and women, respectively.
Next, we developed multivariate stepwise regression models for a common outcome (weekly or greater NMPO use) according to previously established protocols (Lima et al., 2008; Harrell, 2015) . Specifically, variables listed in Table 1 with P < 0.20 in bivariate analysis were included in the initial multivariate models. The variable with the highest type III P value was removed from subsequent rounds of regression in a stepwise fashion. The model with the lowest akaike information criterion value was selected as the final models. Race was dichotomized as white versus all aggregated non-white races in the multivariate models due to low numbers of aggregated non-white participants. Modified robust Poisson regression (Zou, 2004 ) was used to estimate standard error in the coefficients and calculate 95% confidence intervals (CIs) and adjusted prevalence ratios (APRs). R version 3.2.3(C) 2015 was used for all statistical analysis, and all P values were 2-sided.
RESULTS
Of the 199 participants eligible for this analysis, 65.3% (n ¼ 130) were male, and the mean age was 24.6 years (SD ¼ 3.27). The racial composition of the eligible sample was 16.6% black (ie, African American or of African, Haitian, or Cape Verdean descent), 60.8% white, and 22.1% mixed or other race.
The majority (n ¼ 119, 59.8%) of participants reported frequent NMPO use (ie, at least weekly). Among these participants, the source of the prescription opioid they last used nonmedically was as follows: the majority (n ¼ 66, 55.5%) obtained the opioid from a drug dealer, approximately one-quarter (n ¼ 30, 25.2%) bought it from a friend or relative, 16.8% (n ¼ 20) received it for free from a friend or relative, and only 1.7% (n ¼ 2) received it from her/his doctor. Additionally, approximately one-third (n ¼ 41, 34.5%) of these participants reported ever having overdosed by accident. Most (85.4%) of the NMPO users had experienced an injury or health condition that put them in severe pain. Out of these 170 (85.4%) respondents, the following types of physical pain were most common: leg pain (21.7%), back pain (20.0%), dental (7.6%), and other head, neck and shoulder pain (7.6%). Abdominal, kidney, and lung pain was rarely reported.
Sex-specific factors related to frequent NMPO use, including experiences of physical pain and pain management, are shown in Table 1 . Among males (n ¼ 130), 62.3% (n ¼ 81) reported frequent NMPO use and 45.4% (n ¼ 59) reported lifetime heroin use. The vast majority (n ¼ 112, 86.2%) of male NMPO users reported experiencing an injury or health condition that put them in severe pain, and nearly threequarters (n ¼ 94, 72.3%) reported that they engaged in NMPO use to treat their physical pain. Just under two-thirds of male NMPO users (63.8%) reported trying to obtain a prescription medication from a doctor to treat pain and 26.9% (n ¼ 35) reported having ever been denied medication by a doctor or health professional to treat severe pain.
In bivariate analyses, frequent NMPO use among males was significantly associated with lifetime heroin use (see Table 1 ). Among males, frequent NMPO use was also significantly associated with higher average scores on the numeric 10-point physical pain scale. White race was also associated with frequent NMPO use among males.
Among the 69 females in the eligible sample, over half (n ¼ 38, 55.1%) reported current frequent NMPO use and over one-third (n ¼ 26, 37.7%) reported lifetime heroin use. Most of the female NMPO users (n ¼ 58, 84.1%) reported experiencing an injury or health condition that put them in severe pain. Notably, however, frequency of NMPO use was not significantly associated with reporting pain on the numeric pain scale or with having ever experienced an injury or health condition that caused extreme pain (Table 1) . Additionally, 81.2% (n ¼ 56) of female NMPO users reported engaging in NMPO use to treat physical pain, 68.1% (n ¼ 47) of female NMPO users reported that they tried to get medication from a doctor to treat severe physical pain, and 24.6% (n ¼ 17) reported having ever been denied medication by a doctor to treat severe pain.
Although sexual abuse and lifetime history of mental health diagnosis were not significantly associated with frequency of NMPO use, nearly half of female NMPO users (n ¼ 31, 44.9%) had been sexually assaulted or abused before the age of 18, and nearly three-quarters (n ¼ 52, 75.4%) reported having ever been diagnosed with a mental health disorder. The rate of sexual assault and abuse was much higher among females than males in this sample (Table 1) . Additionally, the rates of childhood sexual abuse and diagnoses of a mental health disorder among females were high for any frequency of NMPO use, resulting in low variability. In bivariate analyses, nonmedical use of a prescription benzodiazepine medication more than once a month and lifetime heroin use were associated with frequent NMPO use among females (Table 1) . Older age was the only sociodemographic factor associated with frequent NMPO use among females.
Among the NMPO users who had experienced an injury that put them in severe pain and who did not seek assistance from a health professional (n ¼ 40), half (n ¼ 20, 50.0%) stated that they did not seek medical care because they medicated with their own prescription painkillers, 47.5% (n ¼ 19) thought they could handle the pain themselves or medicate with over-the-counter drugs like acetaminophen or ibuprofen, 40% (n ¼ 16) stated that they did not like seeking medical help, 25% (n ¼ 10) reported that they thought they would be denied prescription painkillers by their doctor, and 25% (n ¼ 10) reported that they had no health insurance (see Table 2 ).
Among male NMPO users, the final explanatory multivariate model (with the lowest akaike information criterion) of factors associated with frequency NMPO use included the following covariates: race (APR ¼ 1.32, 95% CI 1.14-1.49 for white vs all non-white races, P < 0.001), and reporting pain on the 10-point numeric pain scale (APR ¼ 1.08 per unit increase, 95% CI 1.02-1.14, P ¼ 0.006). Among women, age (APR ¼ 1.10 per year older, 95% CI 1.04-1.17, P ¼ 0.002) and nonmedical benzodiazepine use more than once a month (APR ¼ 2.33, 95% CI 1.67-2.99, P ¼ 0.001) were independently associated with frequent NMPO use.
DISCUSSION
Among young adults who engage in NMPO use in Rhode Island, physical pain-and self-medication with prescription opioids to treat physical pain-is commonplace. A majority of males (86.2%) and females (84.1%) reported experiencing an injury that put them in severe pain, and over half of both sexes reported engaging in NMPO use to treat their pain. These findings are generally consistent with previous literature, which demonstrate that among young adults, nonmedical use of prescription drugs, and prescription opioids in particular, may be linked to attempts to address the conditions for which these drugs are medically indicated (ie, pain) (Becker et al., 2008; Cranford et al., 2013) . Whereas engaging in NMPO use specifically to treat physical pain was not independently associated with frequent NMPO use among young adults of either sex in Rhode Island, our results suggest that sex-specific factors could be differentially associated with frequent NMPO use.
Among young male NMPO users in Rhode Island, white race and reporting numerically higher reported levels of pain on a 10-point scale were independently associated with weekly or greater NMPO use. In contrast, among female NMPO users, older age and nonmedical prescription benzodiazepine use were independently associated with weekly or greater NMPO use. Sex-specific patterns of pain perception and experiences interacting with health professionals could conceivably impact the way male and females report pain to healthcare providers, and thus the way young adults with severe physical pain are treated. In our study, a similar percentage of male and female NMPO users tried to obtain medication from a doctor to treat severe pain. However, approximately one-third of females and one-quarter of males had ever been denied medication from a doctor. In addition to being denied medication to treat severe pain by a physician, a significant percentage (20%) of young NMPO users who reported experiencing a high level of pain did not try to obtain treatment from a doctor for reasons including the belief that they would be denied prescription painkillers and/or having no health insurance. Pervasive negative perceptions of healthcare providers (and/or the medical system in general), and also issues related to accessing healthcare resources, may also underlie the high prevalence of professionally unmitigated physical pain in this population of young adults who use NMPOs in Rhode Island (Ahern et al., 2007; Sterling et al., 2010) . In some cases, participants may have been experiencing pain that would have been more appropriately treated with nonopioid medications, had they been seen and properly evaluated by medical provider (Dowell et al., 2016) . Furthermore, current medical guidelines recommend that pain, particularly chronic pain, should primarily be treated with nonopioid therapy (Dowell et al., 2016) . Individuals who selfmedicate may not be aware of these developments and the risks associated with opioid use due to the widespread use of opioids for the treatment of pain. Future research should also assess the impact of purchasing NMPOs and the risks associated with engaging in illegal income-generating activities (eg, drug dealing or sex work).
It is notable that nearly all established OUD risk factors (many of which are commonly used to screen patients for their potential to develop OUD in the clinic), such as a previous diagnosis of at least 1 mental health disorder, regular street drug use, sexual assault or abuse before the age of 18, nonmedical prescription stimulant use, and hazardous alcohol use, were not significantly associated with frequent NMPO use among males and females in our sample. However, we did not formally measure OUDs or diagnosis of an OUD, which may have resulted in this null finding. Research is needed to better define the relationship between comorbid mental health conditions and substance use disorders to determine how to manage physical pain in populations with a diverse range of co-occurring psychiatric and substance use disorders (Twillman, 2007; Savage et al., 2008) .
Our findings are similar to results from several studies that have shown a high prevalence of prescription analgesia denial among people who use drugs. In a recent study of 462 adults who injected drugs in British Columbia, nearly twothirds of participants had been denied prescription opioids. In this study, many participants (44%) reported that prescription analgesia denial was commonly related to ''being accused of drug seeking'' (Voon et al., 2015a) . Similarly, in a study of young adults who engaged in nonmedical use of an opioid, tranquilizer, and/or stimulant in the past 90 days, participants associated their experiences with being denied prescription analgesia and being identified as a drug user, a lack of health insurance, and having medication withheld by a parent or authority figure (Fibbi et al., 2012) . Approximately 40% of young adults in this sample who did not receive treatment escalated their NMPO use or self-medicated with heroin. The clinical practice of distinguishing ''aberrant drug seekers'' from individuals who present with ''legitimate'' unmanaged physical pain is valuable in ensuring patient safety and effective treatment of pain. However, given the documented consequences associated with escalating NMPO use as a result of pain self-management (Fibbi et al., 2012) , improving clinical screening protocols for OUD, and increasing access to treatment for individuals suffering from comorbid OUD (or other substance use disorders) and unmitigated physical pain is needed. Regardless, identification of factors specifically associated with the high risk transition to frequent NMPO use (eg, a potential symptom of OUD progression associated with increased risk of fatal overdose) could aid more accurate identification of individuals who are in the process of developing increasingly dangerous patterns of opioid use, thereby potentially increasing the chance that education, harm reduction programs, and pain management interventions are timely and successful.
The results of this analysis should be considered in light of the limitations of this study, which include the potential for under-reporting socially taboo behaviors (eg, nonmedical use of prescription opioids, heroin use, etc), which may result in socially desirable reporting biases. To minimize the potential for these biases to interfere with our results, computer-assisted self-interviewing (CASI) was used to collect particularly sensitive and/or stigmatizing information (eg, injection drug use). In the context of this pilot study, we were only able to assess pain using a unidimensional pain score, which may not properly capture the functional impact of experiencing pain. Future research is needed to evaluate pain and pain experiences using validated multidimensional measures, including, for example, the PEG scale for assessing Pain average, interference with Enjoyment of life, and interference with General activity (Krebs et al., 2009 ). The study also used cross-sectional data, meaning that the results are only correlative and not causal. Specifically, we were unable to assess differences in NMPO use between acute and chronic pain conditions over time. Furthermore, since there are no prior studies of young adult NMPO use in Rhode Island, it is impossible to discern if the study population is representative of the larger NMPO using population. Finally, the small sample size may have limited our ability to detect clinically meaningful differences between men and women participating in the study. Larger studies are needed to definitely determine the sex-specific differences in pain experiences and pain management among young men and women who use prescription opioids nonmedically.
CONCLUSIONS
This study demonstrated an independent association between higher reported levels of pain and weekly or greater NMPO use among young male NMPO users in Rhode Island. Among young adult NMPO users who did not seek medical care for an injury that put them in severe pain, the most commonly cited reasons were self-medication with prescription painkillers, a perceived ability to handle the pain by themselves or medicate with over the counter drugs, and not wanting to seek medical help. Improving access to treatment for individuals with comorbid opioid use and mental health disorders, and also managing unmitigated physical pain, is a pressing task for providers. Harm reduction and pain management interventions, and also evidence-based clinical screening, may need to reflect sex-specific and pain-related factors associated with frequent NMPO use to successfully reach young adults.
